Abstract. The distribution network is directly oriented to the end users and is closely related to the production and life of the masses. It is an important public infrastructure for serving the people's livelihood. At present, with the advancement of new urbanization construction, higher requirements are put forward for the power supply capacity and power supply reliability of the distribution network, especially the urban distribution network, to achieve reliable power supply, high-quality service, improve the electrification level of residents, and build a world-class city. The urban distribution network has become an important responsibility for urban power supply in the new era.
Introduction
The distribution network is an important public infrastructure for national economic and social development. In recent years, China's distribution network construction investment has continuously increased, and the development of distribution network has achieved remarkable results. However, there is still a gap between the level of electricity consumption and the international advanced level. Developed countries such as Europe and the United States have a relatively high level in the development, construction and operation management of distribution networks, and have accumulated rich experience in the practice of distribution networks. Recently, many countries (regions) have established world-class urban distribution networks as the focus of research and development, reflecting the important position of the smart grid evaluation model in guiding and promoting the development of smart grids. In this article, we will analyze the practices of industry-recognized "world-class city distribution networks" in Paris, Tokyo, Hong Kong, and propose Typical Characteristics of World-Class Power Distribution Network.
World-class City Distribution Network Practice
Paris "World-class City Distribution Network" Practice
The Paris grid consists of three levels of 225 kV, 20 kV and 380/220 V, using the N-2 reliability standard. The high-voltage network adopts the double-ring network structure, and the medium-voltage network adopts the spindle-shaped grid structure. The power supply of the "hand-in-hand" is opened and closed, that is, each transformer is connected with a bus bar, and four (two times left and right) large-section cables are led out. . Each cable outlet (similar to the opening and closing station) has 6 feeders and a large user dedicated line to supply power to a street. Usually, three lanes are laid on the sidewalks on both sides of the road to supply power to users on both sides of the road. The six feeders are a group, which forms a "hand in hand" mode with another group of adjacent substations, and implements the N-2 mode. The model is shown in Fig 1 . The "hand in hand" power supply model has a distinct ring structure: the outer ring, the middle ring and the inner ring, and the three rings divide it into four zones. Each substation is located between the zones, and the substations in each ring are on both sides. Partition power supply. When the load increases, a substation can be added between the partitions, and the partition is further divided into two, showing good scalability and high reliability. The three-ring urban power grid has the characteristics of a dumbbell type. The 400 kV ring network in the outer suburb ensures the safe and stable operation of the backbone power grid. The 20 kV ring network ensures the flexibility and reliability of the power supply to the user, while the intermediate voltage level is 225 kV. The grid uses a relatively weak radial structure. This design not only meets the user's requirements for power supply reliability, but also reduces unnecessary capital investment. Cables are used in urban areas, and substations are fully buried or semi-buried, which is environmentally friendly and saves space resources.
Tokyo "World-class City Distribution Network" Practice
The medium voltage distribution network in Tokyo adopts the ring network structure and runs radially. The 6.6 kV overhead network adopts the six-segment three-contact method. The 6.6 kV cable network adopts the inter-station single-ring network connection test. The distribution uses amorphous alloy transformers and The small-capacity multi-distribution mode, the transmission and distribution line loss rate is less than 5%, and the low-voltage power grid adopts the gridded power supply mode. The grid structure is shown in Fig 2 . With the increase of regional load and the expansion of network scale, the voltage level of Tokyo Power Distribution Network has evolved as follows, forming the current standard sequence. The medium voltage power distribution has been boosted from the original 3 kV to 6.6 kV, and the high voltage power distribution from the original 22 The kV is boosted to 66 kV; while the 22 kV is reserved in the urban area, it is considered as the medium voltage distribution voltage level, which provides a good foundation for achieving high reliability network connection in parallel operation.
The characteristics of the Tokyo distribution network power supply mode are: 97% of the distribution network is a 6.6 kV ungrounded grid, and 3% is a 20 kV small resistance grounded grid. The 6.6 kV overhead network power supply adopts the method of 3 sections 4 contacts and 6 sections 3 contacts. The 6.6 kV cable network power supply mode adopts the ring network mode; the load dense area adopts the 20 kV cable network power supply mode. This kind of grid connection taken by Tokyo can increase the load rate of the line from 75% to 85% when the three-section three contacts. Through the reconfiguration of the network in the event of a failure, the inter-reciprocal capability of the lines can be improved.
Hong Kong "World-class City Distribution Network" Practice
Hong Kong Electric Power is provided by China Light and Power Co., Ltd. and Hongkong Electric Co., Ltd. Among them, China Light and Power Co., Ltd. is responsible for power supply in Kowloon, the New Territories, Lantau and most of the outlying islands. The power supply covers about 90% of the total area of Hong Kong and covers about 80% of the population. Hong Kong stipulates that 66 kV and above power transmission and transformation facilities are transmission equipment, and transmission and distribution facilities below 66 kV are power distribution equipment. Figure 4 shows the closed loop network (cable) of Hong Kong China.
Hong Kong has a strong transmission and distribution network. China Light and Power Co., Ltd. has built a plum-shaped multi-ring network to realize two supply and one standby, one supply and one standby. The distribution network uses the same circuit breaker as the main network. At the same time, the cable ring network is fully equipped with fiber longitudinal differential protection, which can realize zero-second resection fault and complete power-on within 5 minutes. China Light and Power Co., Ltd. implements the service concept of "recovering power supply in the first time". For the power outage of low-voltage lines, it has purchased a number of mobile power generation vehicles, and adopted the method of first repairing the power supply after the user is repaired to reduce the power outage time for users. Through the analysis of the practice of "world-class city distribution network" recognized by the industry in Paris, Tokyo, Hong Kong, etc., we can find that countries (regions) are striving to meet the requirements of users for power supply reliability while saving as much as possible. Various resources to establish an environmentally friendly power supply model.
Research on the Typical Characteristics of Distribution Networks in World-class Cities
In recent years, with the increasing investment in the construction of distribution network in China, the development of distribution network has achieved remarkable results, the level of power supply service has been continuously improved, and the development of distribution network has been highly valued by the Chinese government. All units actively carry out research and development of distribution network. , construction and practical work, and put forward the development goal of building a "world-class city distribution network", but the industry has no consensus on the connotation, characteristics and maturity evaluation of "world-class city distribution network".
Drawing on the experience of distribution network construction in first-class cities such as Paris, Tokyo, Hong Kong, we will build a first-class urban distribution network from the aspects of strong grid, distribution automation, Internet + power distribution and management innovation, and comprehensively upgrade urban distribution. Network power supply capability, improve power quality, promote clean energy consumption, improve quality service level and user interaction ability, and propose "safe and reliable, cost-effective, green, low-carbon, friendly interaction" as the connotation of the world-class city distribution network.
1) Safe and reliable. Safe and reliable power supply is the first and most basic requirement of the first-class city distribution network. Strong grid, excellent technical equipment and efficient operation and maintenance management are the most important guarantees for the production and transmission of electric energy.
2) Economically efficient. Efficient economic benefits are the basic guarantee for the sustainable development of distribution networks in first-class cities. For striving for a world-class power supply enterprise, we must base ourselves on the current situation and focus on the long-term. We must provide a strong power supply guarantee for regional economic and social development, while ensuring the preservation and appreciation of state-owned capital.
3) Green low carbon. Creating good environmental benefits and building a green and environmentally-friendly distribution network is the development trend of first-class urban power grids. "Environmentally friendly and resource-saving" has become the future direction of economic and social development. It is one of the core characteristics of the smart grid to fully and effectively absorb clean energy and provide high-efficiency and low-carbon green energy for the whole society.
4) Friendly interaction. Achieving friendly interaction with users is an important development direction for the distribution network of first-class cities. In the future, the urban distribution network should not only focus on ensuring the basic requirements of safe and reliable power supply, but also focus on improving the level of user interaction and value-added services, and realize the power flow, information flow, and service flow between the distribution network, power supply and users. To interact and improve the overall efficiency of the grid.
Conclusion
According to the analysis of this paper, the world-class city distribution network has the characteristics of "safe and reliable, economical and efficient, green and low-carbon, friendly and interactive", as well as strong risk resistance, resource allocation, service guarantee, sustainable development and user interaction. Distribution network. This intrinsic feature can also reflect the power supply reliability and safety, economic and environmental benefits of the power grid and customer service quality, and comprehensively and objectively evaluate the construction level of the distribution network.
